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INTRODUCTION
China suffers severe natural disasters which cause tremendous damage, economic loss and pose threat to people and their properties every year. Rapid response to the onset of natural disaster, such as earthquake, flood [1] [2] , landslide and so on, allows for the early assessment of hazard and risk. These natural disasters can be monitored by linking notifications of activity via event-driven remote sensing from ground-based and space based systems [3] .
EVENT-DRIVEN OBSERVATIONS OF NATURAL DISASTER
As shown in Table 1 , HJ-1A and 1B (Huan Jing = Environment) satellites are small Chinese earth observation satellites. The satellite constellation is composed of a number of small satellites, the ground system and the application system. They will provide all-weather imagery. The Huan Jing constellation consists of two small optical satellites, the HJ-1A and the HJ-1B, and one radar satellite the HJ-1C. The payload instrument on board includes a CCD camera (both), a hyper-spectral camera (HJ-1A) or an infrared camera (HJ-1B).
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HJ-1A As shown in Figure 1 , the event-driven observation monitors natural disaster around the China. The steps include: 1. Sensor instruments [e.g., CCD cameras, a hyperspectral camera and an infrared camera on the HJ-1A and 1B spacecraft] acquire low-resolution (30~300 meters per pixel) data. 2. Data from sensor instruments are downlinked and automatically processed to detect abnormal information of natural disaster. 3. Event notification is entered into an automated operations planner that generates sequences of commands to be executed by spacecraft and instruments. 4. Aircrafts with onboard sensor instruments are tasked to acquire high resolution data and field measurements are implemented. 5. New science data is rapidly downlinked and transmitted to scientists. 6. Disaster evaluation system produces the natural disaster assessment products for decision-making support. 
GENERAL ARCHITECTURE OF DISASTER ASSESSMENT SYSTEM
Natural disasters pose serious threats to life and infrastructure, as well as to the economic and social fabrics that sustain nations. . According to the above targets, the disaster assessment system divides into two sub systems: rapid disaster loss evaluation system and comprehensive disaster evaluation system (as shown in Figure 2 ). Figure 3 shows the graphical user interface of the disaster assessment system. 
APPLICATION: YUSHU EARTHQUAKE CASE STUDY
Based on the assessment system designed above, Yushu earthquake was taken being a study case. On April 14th, 2010, a large earthquake (Ms=7.1) shocked the Yushu county in the Qinghai Province at western China. It caused severe damages and fatalities. For emergence response, the rapid disaster loss evaluation system firstly summarized current evaluation models for rapid seismic intensity. We presented a method for generating seismic intensity map based on seismological mechanism solutions. As shown in Figure 3 , the disaster assessment system automatically drew the distribution map of affected population one hour after the Yushu earthquake. The Figure 4 shows the accurate distribution map of affected population twelve hours after the Yushu earthquake according to the seismic intensity map of China Earthquake Administration. In the case of distribution map of affected population, we made the judgement that the Gyêgu town maybe the worst hit town in the Yushu earthquake because it is not only near the epicenter, but also the capital of Yushu Tibetan Autonomous Prefecture. Gyêgu town locates in the southern part of Qinghai Province, close to the provincial border with Tibet Autonomous Region, and more than 90 percent of its population of about 100,000 is ethnic Tibetans.
Data Set
Four main data sets are used in the study: Figure 6 and Referring to usable data, the chains of rapid assessment [7] on earthquake disaster were analyzed, and different models were established for assessing affected population, damaged houses and lifelines and comprehensive earthquake loss evaluation.
Data collection using satellite remote sensing offers a variety of advantages compared to other forms of data acquisition, especially in disaster environments cause it serves as a large archive of historical data. Remote sensing image provides very useful information which carried out an operation of postearthquake emergency building inspections more efficiently, for a wide range of scales. In the study, multi-resource data was used, and the framework illustrated in Figure 7 . For information extraction, modeling and 3D visualization efficiently and effectively, tools of ArcGIS Desktop 9.3 (ArcMap, ArcScene, etc) and Google SketchUp 6.0 were used.
Figure 7 Workflow of information extraction
Data processing and information extraction from remote sensing images are the primary procedure for disaster management. As shown in Figure 7 , traffic network, building's attributes (structural materials, floor number and roof types) and building's damage grades were extracted from pre-and postevent remote sensing images. More details presented as follows:
Building's outlines
Building is the main element to form a city and its outline is the fundament of urban mapping and 3D building modeling. As shown in Figure 8 , Building's outlines could extract from remote sensing images by commercial software like ENVI, ERDAS Imagine, eCongnition, etc, automatically or extract manually by interaction.
Figure 8: Building structures in Gyêgu town

Building's floor number
In the study, the building's floor number counts above ground in the building. The building heights could be roughly delimited from the shadows in the high-resolution remote sensing image. Under the same sun elevation and azimuthal angle condition, building's floor number is proportional to its shadow length in the remote sensing image. Measuring the shadow length of a building whose floor number already known as the standard, building' floor number of whole region can be counted out.
Building's structural materials
As known, structural materials affect the damage grade of buildings during a destructive earthquake. The Common structural materials in the study area are timber (Figure 9a 
Building's roof types
A roof is the covering on the uppermost part of a building and roof types can be distinguished clearly from the high-resolution remote sensing image with the gray value. In the study area, the 
Building's damage grades
For identify building's damage grades, the extracted building's outlines was registered on the post-event remote sensing image. Then visual inspection of building's damage grades was conducted. Four damage grades were concerned, slightly damage (Figure 11a ), moderate damage (Figure 11b ), heavy damage ( Figure 11c ) and destruction ( Figure 11d ). 
Traffic network
Traffic network is the fundamental geographic data which could further used to provide complete road status and damage assessment information to emergency operations. In the study area, roads are divided into arterial road and secondary road, different road type was digitized in different layer with ArcMap.
Modeling of Buildings
3D models allowing decision makers to be more quickly recognizing and understanding changes in elevation, pattern and features, so they are used for the visualization of disaster risk indexes and vulnerabilities to support disaster decision processes. As described above, 2D vector building outlines, building's roof type, structure material, floor number and damage grades could be used to construct 3D textured buildings. With the tool of Google SketchUP 6.0 (which enables user to quickly create very realistic models of buildings and other 3D objects), the models were conducted efficiently. To construct textured 3D seismic buildings, building's outlines were firstly exported from ArcMap with a geographic reference, models were created in SkethchUP next, and then models were exported into an ESRI Personal Geodatabase that can be opened in ArcScene. For modeling, we firstly extrude building polygons by a height value (which calculated with Formula 1.) to create realistic building shapes; secondly, we roof was construct with its roof type and building's facades were textured different with structural materials; thirdly, building's roof was colored different with damage grades, as shown in Figure 8 .
Building floor is the unit object for desired 3D urban model. In the study area, maximum floor number is 12 and assumed floorfloor height is 3.0 m. the formula for calculating the height of a building: 
Scene Rendering and 3D Visualization
Multi-scale 3D visualization is required for disaster management due to the need for different details of information for different kinds of decisions. For coarse scale, seismic data like fault trace and seismic intensity map which are largest close to the earthquake are the primary data source for 3D visualization, because they concern where the earthquake occurs, where is the worst-hit area, where the fault trace, etc. so, for 3D visualization of coarse scale, data of fault trace seismic intensity map, DEM (Digital Elevation Model), remote sensing images should be rendered in the same reference frame, as shown in Figure 6 . While, for fine scale, building's attributes are the primary data source for 3D visualization, and the most concerned thing for decision makers is which building damaged and how to implement survivors rescue. For this purpose, data of traffic network, 3D building models, building's damage grade, DEM, remote sensing images were incorporated into a GIS environment for decision-making and further disaster management. The result is visualized using the ArcScene which enables to overlay many layers of data in a 3D environment shown in Figure 12 . Gyêgu town in Yushu earthquake Figure 12 shows the comprehensive evaluation results of seismic damaged buildings in the Gyêgu town by using the aerial images and damaged building evaluation models. The Yushu earthquake causing tremendous damage in the urban areas of Gyêgu town, Qamdo, etc, killing about 3000 people, injuring about 12000 people and damaging thousands of buildings [8] .
SUMMARY
The main purpose of this paper is to describe the Chinese eventdriven observation and comprehensive disaster evaluation system for disaster management. Models and methods of multidisasters comprehensive evaluation, including general system function design and system architecture design were proposed. At last, taking Yushu earthquake being a case, earthquake disaster comprehensive evaluation system is analyzed in details and the result proved that it has a good application effects.
